The 
Introduction
Manufacturing companies have with increased intensity over the last two decades experienced a true globalization by moving manufacturing abroad and reshoring to other destinations or bringing it back to home destinations. Drivers for moving manufacturing abroad have been reported to include e.g. cost advantages, proximity to customers and requirements for local content [48] . Primary drivers for reshoring manufacturing are reported as a need to improve quality, lead-time and flexibility [6, 46] .
Recently, another driver for reshoring manufacturing or avoiding that manufacturing is moved abroad has been discussed in extant literature which is the use of new technologies such as automation and robotization [3, 12, 46, 47, 49] . Such new drivers, termed the fourth industrial revolution or Industry 4.0, is based on Cyber-Physical Systems; the integration of virtual and physical manufacturing systems [11, 24, 27] . Companies are facing both application pull and technological push regarding Industry 4.0 [27] . Application pull takes place in terms of a need to shorten new product development times; increased individualization in demands; increased need for flexibility in production; increased decentralization to cope with faster decision-making and increased resource efficiency. Application push takes place in terms of increased mechanization and automation of processes; increased digitalization in manufacturing and the continued miniaturization of electronic devices.
In Europe, a small and medium-sized enterprise (SME) is defined as a firm employing fewer than 250 persons; with a total turnover that does not exceed EUR 50 million and that has an annual balance sheet total not exceeding EUR 43 million [16] . SMEs share some different characteristics compared with larger enterprises that are important to consider when analyzing and evaluating Industry 4.0 relevance and practice for SMEs. SMEs have fewer resources and experience in managing new technologies [8, 10, 53] ; CEO involvement in daily operations and having a dominating operation focus at the expense of strategic and development oriented activities [9, 15, 22] . In the context of digital manufacturing, SME's are interesting to study for at least three reasons. First, SMEs counts the highest number of enterprises compared with larger enterprises and do thus represent a considerable target group for digitalization. Second, SMEs do, compared with large companies, operate with fewer resources [33] . Third, SMEs are usually less bureaucratic and generally have greater incentives to be successful than large firms [35] .
A recent literature review of Industry 4.0 with a special emphasis on SMEs found that there is a lack of empirical founded research on the application of Industry 4.0 technologies [32] . Furthermore, a study has shown that larger companies seem to be more Industry 4.0 ready than SMEs [45] . Especially SMEs seems to struggle with adapting and implementing these technologies [24] . Thus, it must be assumed that barriers for Industry 4.0 are more evident in such companies. However, little is currently known about implementations of Industry 4.0 in SMEs. This paper seeks to fill part of this gap by analyzing data from 308 SMEs within various manufacturing sectors, Figure 1 . Theoretical framework examining how SME managers' perceptions of drivers and barriers for Industry 4.0 technologies affect their readiness for engaging with such technologies; how increased readiness affects the extent to which Industry 4.0 technologies are adopted; and how readiness mediates the effects of drivers and barriers on practicing Industry 4.0 technologies (see Figure 1 ). With practicing Industry 4.0 means an actual use of one or more of such technologies.
Hypothesis development
This section examines the concept of Industry 4.0, readiness as well as drivers and barriers reported in extant literature, which in turn, leads to the development of hypothesis for empirical tests.
Industry 4.0
The term Industry 4.0 originates from the German "Industrie 4.0" invented in 2011 in Germany as an German Federal Government initiative to strengthen the competitiveness of the German manufacturing industry [20, 24] . Many definitions of Industry 4.0 are proposed [34, 37] . In this paper, we rely on the following understanding of Industry 4.0: "… it involves the technical integration of Cyber-Physical Systems into manufacturing and logistics and the use of the Internet of Things and Services in industrial processes. This will have implications for value creation, business models, downstream services and work organization." [25] . Furthermore, Industry 4.0 technologies are under rapid development and consequently the theoretical and conceptual understanding [30, 34] . Nine technologies have been proposed to unfold the Industry 4.0 umbrella [40] : 1) big data and analytics, 2) autonomous robots, 3) simulation, 4) horizontal and vertical system integration, 5) internet of things (IoT) (including sensors), 6) cyber-security, 7) the cloud, 8) additive manufacturing and 9) augmented reality. To this list can be added: 1) artificial intelligence, 2) mobile technologies and 3) RFID and RTLS technologies [41, 42] ; thus, the total number of technologies to be studied counts 12.
Industry 4.0 readiness
The term "IT readiness" is used to describe the degree to which companies are able to exploit and derive benefits from IT technologies [1, 14, 18, 26] . An adjacent concept to readiness is maturity. Readiness can be distinguished from maturity in the sense that readiness is assessed before engaging in maturing processes whereas maturity is assessed from the actual implementation and forward [43] . Thus, the focus in this paper is on the early stage of this technology adoption and not on maturity levels in transformation processes.
Since empirical data on implementing Industry 4.0 still is sparse, we rely on literature concerned with IT in general. However, as Industry 4.0 concerns the application of technology, it seems reasonable to assume that the IT readiness dimensions also are applicable in a digital technology context. The Industry 4.0 readiness dimensions would then include: pressures to change existing processes; willing to take risks with the technologies; having sufficient knowledge about the technologies, having employees with the right competencies and the right motivation to work with the technologies and having the right amount of top management support in terms of financial support and attitudes) [18] . Lack of readiness is identified as one of the major reasons of failures of ERP implementations [2] . Thus, the more readiness in a company the more utilization of the technology when judged being relevant for their business. 
Drivers and barriers for Industry 4.0
In practice, there are several drivers as well as barriers for focusing on industry 4.0 and, in turn, move to actual implementation and operation of such technologies. The concept of Industry 4.0 is relatively new with promises of leapfrogging performance in the digital enterprise. Current research is still dominated by grey literature but academic contributions are now beginning to appear in academic journals [30, 32] . However, studies focusing on specific drivers as well as barriers for Industry 4.0 and its actual application seem to be sparse in extant academic literature. Table 1 contains a list of drivers and barriers for adopting IT systems. The table has been compiled by various sources ranging academic papers to grey literature that contains viewpoints and discussion on these issues. As mentioned previously, Industry 4.0 is a nascent research area where extant academic literature lacks adequate drivers as well as barriers for Industry 4.0. Based on adjacent literature to Industry 4.0 such as ERP and grey literature, it has been possible to compose potential drivers and barriers for Industry 4.0 as shown in Table 1 
Method

Data collection
Data in this paper is developed through a questionnaire-survey about the use of information technology and digital technologies to business development for SMEs. The questionnaire was focused on manufacturing enterprises from 10 to 250 employees and was distributed in April and May 2018. To identify the relevant population, the Danish company data base "Bisnode". The database allowed us to search for manufacturing companies within the size scope in a structured manner. The process resulted in a cross list 3,400 companies. After a cleansing process of the company list (companies that by error appear on the list and companies for which contact information not was available), the net list of companies amounted to 2,632.
All companies were approached through phone by hired students from the University of Southern Denmark. The students asked the person that took the call to be directed to person being responsible for business development. If they agreed to attend the survey, a link to the questionnaire-survey was sent by e-mail to the respondent. Reminder e-M e a n S t d . D e v . 
Independent variables.
"Drivers for Industry 4.0" was measured using an index constructed from eight 5-point Likert scale questionnaire items (see appendix 1). Factor analysis confirms a one-factor solution explaining 45.6 percent of variance, and Cronbach's alpha is .826. The index is constructed using the average score of the eight items. "Barriers for using Industry 4.0" was measured using an index based on 11 5-point Likert scale questionnaire items (see appendix 1). Factor analyses supports a one-factor solution explaining 48.9 percent of variance, and Cronbach's alpha is .890. The index is calculated as the average score of the 12 items.
Control variables.
We control for firm size measured by number of employees, and we control for firm age measured in years since founding. We also included controls for firm strategy based on measures on the extent to which the firm pursue a low cost, differentiation, and a proactive strategy, and we include control for the percentages of white and bluecollar workers' time spent on innovation activities. Furthermore, the effect of firms' level of exporting, and for the extent to which the firm rely on internal as opposed to external resources in their appliance of digital technologies has been controlled. Finally, we control for the effect of industry applying 2-digit NACE codes. Table 2 presents the means, standard deviations, and the correlations of the variables. We first notice that firms in the sample with an average score of 2.9 for the readiness construct perceive to be neither well nor poorly prepared to take on the challenge of new digital technology. When it comes to firms' use of new digital technologies, the scores are relatively low. Cyber security has the highest average score (2.65), indicating low -to moderate use of cyber security solutions. Especially human machine interaction technologies seem to be absent in the SME sample, scoring only 1.14, with a score of 1 indicating no use. These numbers spark the interest in examining the role of drivers and barriers for the use of (or lack of) digital technologies.
Results
Results from the regression analyses are shown in Table 3 . Model 1 analyses the effects of barriers and drivers for digital technologies on the readiness of SMEs. The positive significant coefficient for "drivers" confirms our hypothesis 1, that drivers for digital technologies promote firms' readiness. In a similar way, the negative significant coefficient for "barriers", supports hypothesis 2 that barriers for Industry 4.0. decrease firms' readiness. Models 2 to 11 analyses the impact of barriers, drivers, and readiness on firms' use of digital technologies in the five specified categories. Models 2, 4, 6, 8, and 10, which do not include readiness, all confirm a positive impact from drivers on firms' extent of use of the respective digital technologies. In four of the five models introducing readiness (models 3, 7, 9, and 11), the coefficient is positive and significant, thus supporting hypothesis 3. None of the models find any significant effect of barriers to Industry 4.0 on firms' use of digital technologies. Hence, no support was found for hypothesis 3. In all models (3, 5, 7, 9, 11) , the introduction of the readiness variable was associated with a decrease in the effect from drivers on digital technology use. In models 5, 7, and 11, the driver coefficient turned insignificant, while the Industry 4.0 driver coefficient remained significant for models 3 and 9. Following the joint significance test [7] , these results suggest that the effect of Industry 4.0 drivers on SMEs' extent of using digital technologies is partly mediated by an increase readiness.
Performing bootstrapping tests [19] (see Table 4 ) confirms that readiness partly mediates the effects from Industry 4.0 drivers on SMEs' use of (1) data, computational power, and connectivity technologies, (2) digital-to-physical conversion technologies, and fully mediates the effects on (3) cyber security technology. Overall, the results -although with minor differences among the five categories of Industry 4.0 technologies -thus support hypothesis 4a and 4b, that SME managers' perceptions of drivers affect adaptation of Industry 4.0 technologies both directly and indirectly by affecting readiness. The results, however, leaves no support to hypothesis 5a and 5b, suggesting that SME managers' perceptions of barriers do not affect the adaptation of Industry 4.0 technologies, neither directly, nor by affecting readiness.
Discussion
The first overall interesting result is an apparently low degree of Industry 4.0 readiness and concrete use among the sample of Danish SMEs. Compared with another empirical analysis of Danish manufactures [45] , large companies were found to have a significant higher Industry 4.0 readiness than SMEs, which can be explained by larger companies relatively higher availability of resources to exploit the technologies. The relatively low scores on all the variables indicate Page 5160 either a low degree of push to apply the technologies and thus lack of awareness of the technologies or conscious choices due to a lack of experienced technological pull within their business areas. The current stage of Industry 4.0 application among SMEs might mature in the coming years as more practical applications developed by larger companies or innovative SMEs allows such innovations to diffuse to SMEs for further application. According to OECD [36] , manufacturing jobs in Denmark are among the most ICT intensive in the OECD countries and Denmark also have a robot intensity above the average for OECD countries. If we use these findings as an approximation of Denmark being in the forefront in applying Industry 4.0 technologies, despite the relatively low level of readiness, then the results indicate that most of OECD countries do have an even lower level of readiness. This result indicates a need for resources for preparing SMEs to the digital adaptation and transformation.
Another interesting result is that the analysis suggests that Industry 4.0 barriers decrease SMEs readiness to Industry 4.0, but this does not have any significant relationship with practicing Industry 4.0. Thus, the barriers make the SMEs less Industry 4.0 ready, but despite this it seems not to influence their practical utilization of the technologies. Opposite, Industry 4.0 drivers promote SMEs use of digital technologies, partly by increasing their readiness in terms of motivation, competence, and organizational support. It is surprising that the barriers are not decreasing the practical utilization of Industry 4.0 technologies. Barriers such as lack of knowledge, lack of standards and lack of employee readiness neither affect the Industry 4.0 readiness significantly, nor do they affect the adaptation of Industry 4.0 technologies. Seemingly, SMEs are quite robust in taking up the challenges imposed by these barriers. The results indicate that companies and policy makers should focus on the drivers instead of the barriers to improve Industry 4.0 readiness and true implementations. It seems like looking at the opportunities outweigh a focus on the constraints or that the barriers will be become more neutralized by working and responding to the drivers.
The analysis also shows that there is a significant relationship between Industry 4.0 readiness and the actual practice of Industry 4.0. This result indicates, that if a company from e.g. strategic reasons wants to digitalize their manufacturing toward a smart factory they can benefit from first working on increasing the readiness in terms of the variables shown in appendix 1. This result is also important for policy makers who develop initiatives to support SMEs increased readiness.
A final point for discussion is the mediating effect of readiness on practicing Industry 4.0. With this, the study analyze how much of the practical use of Industry 4.0 can be explained by first being ready before using it. All drivers are found to a have direct impact on practicing Industry 4.0. When this practice is studied using readiness as a mediator, four of the drivers have a significant relationship with practicing. The category "analytics and intelligence" (including the variable of artificial intelligence and simulation, see appendix 1) has a positive relationship but is not significant. The use of artificial intelligence and simulation seems not first to require a readiness for it. The mean value for this category of Industry 4.0 technologies is quite low (1.54 cf. Table 2 ) indicating a relatively low use of it. An explanation could be that the few SMEs reporting to use artificial intelligence and/or simulation may have such technologies as part of their business model where a readiness is not required because it exist per se.
Conclusion
This paper has set out to analyze and discuss the relationship of drivers as wells as barriers for Industry 4.0 technologies on Industry 4.0 readiness and actual practice. The paper presents novel data to a research area that to date lacks empirical data on the readiness and actual application of Industry 4.0 among SMEs. Data from the presented survey reveals in general low averages for drivers and barriers, readiness and practice. The analysis finds support for drivers that possess a positive impact on Industry 4.0 readiness and the use of industry 4.0 technologies. However, the analysis does not find support for barriers that impact companies reported readiness and practice. Thus, overall the analysis finds support for hypotheses 1, 2, 3, 4a, and 4b but no support for hypotheses 5a and 5b. These results are important for companies to consider if, and when, they are planning transformation processes towards more digitalized processes.
Based on this study, future research need to analyze variance of readiness and practice across industries and nations. Data is collected among Danish manufacturers which according to OECD are among the forefront countries concerning digital adoption among OECD countries. With this in mind, we still see a low level of readiness among Danish manufacturers; and thus, we could expect an even lower level of readiness among other OECD countries. Future research is needed that could compare Industry 4.0 readiness across nations. Furthermore, future research may also provide more detailed studies on whether some Industry 4.0 technologies are more useable in some industries than in others. Future research can also address different Page 5161 matureness stages for adopting these technologies from a dynamic perspective and continues to focus on drivers and barriers and how they might change over time to supplement extant maturity models [43] . Finally, the data in this paper is based on answers to a questionnaire-survey based on a single respondent. Building an analysis on one person's view can be viewed as a limitation since one cannot assure that this person has the complete overview of the themes under investigation. Therefore, future research can explore this phenomenon by applying multiple respondents from each company in order to strength the answers.
The practical policy implication of this study might be needs to focus on the drivers as a mean to cultivate Industry 4.0 readiness and implementation the technologies. Governmental support can help with increasing the knowledge level to increase consciousness of an application pull and the opportunities with technology pushes. The relatively low degree of readiness and application among SMEs may indicate an untapped potential for innovating business models using Industry 4.0 technologies. SMEs have in general a more operational focus at the expense of business development activities [53] , which, in turn, can lead to investment backlogs in new technologies. Thus, some SMEs might oversee some potential benefits from Industry 4.0 technologies due to a main focus on daily operations while others are reluctant for using the technologies because they, in fact, still could not bring more advantages compared with the costs to clarify and implement the technologies. 
